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Abstract 
 
The hepatotoxic potency of seven chlorinated hydrocarbons following vapor exposures has been determined and 
related to their narcotic and lethal potencies. These relationships were then used to rank the hepatotoxic activity of 
the various agents relative to each other. Carbon tetrachloride and chloroform were found to be potent 
hepatotoxins. 1,1,2-Trichloroethane has moderate hepatotoxic activity. 1,1,1-Trichloroethane, trichloroethylene, 
tetrachloroethylene and dichloromethane required near lethal or greater than lethal exposures to cause significant 
hepatic damage. 
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ABSTRACT 

The hepatotoxic  potency of seven c h l o r i n a t e d  hydrocarbons fo l low-  
i n g  vapor exposures has  been determined and r e l a t e d  t o  t h e i r  
n a r c o t i c  and l e t h a l  potencies .  These r e l a t i o n s h i p s  were then  used 
t o  rank t h e  hepato toxic  a c t i v i t y  of t h e  va r ious  agen t s  r e l a t i v e  t o  
each o the r .  Carbon t e t r a c h l o r i d e  and chloroform were found t o  be 
po ten t  hepatotoxins.  1,1,2-Trichloroethane has moderate hepato- 
t o x i c  a c t i v i t y .  l,l, 1-Trichloroethane,  t r i c h l o r o e t h y l e n e ,  t e t r a -  
ch loroe thylene  and dichloromethane requi red  nea r  l e t h a l  o r  g r e a t e r  
than  l e t h a l  exposures t o  cause s i g n i f i c a n t  hepa t i c  damage. 
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Although a voluminous amount of data depicting the hepato- 

toxicity of chlorinated hydrocarbons is available, only a few 

studies have been reported that quantitatively relate hepatotoxicity 

to other biological ef'fects, Since the effects of these compounds 

on the liver is a primary concern in assessing their toxicity, it 

is Important to characterize the specificity of their hepatotoxic 

activity. To do this, it is necessary to obtain quantal dose- 

response data for the hepatotoxic potency of the chlorinated hydro- 

carbons and relate it to the quantal dose-response data for other 

biological effects of these compounds. 

Because of the tedium encountered in determining whether 

morphological alteration of the liver has been induced by a 

chlorinated hydrocarbon as well as the difficulty in translating 

the results into quantal dose-response data, other means of 

assessing liver damage have been used. Prolongation of pento- 

barbital anesthesia (~laa - et * J  a1 1958) and sulfobromophthalein 

(BSP) retention (~utol and Plaa, 1962) have been used to quantitate 

hepatotoxicity. Recently, Klaassen and Plaa (1966) determined 

tqe relative hepatotoxic activity of l,l,l-trichloroethane, chloro- 

form, dichloromethane, trichloroethylene, tetrachloroethylene, 

carbon tetrachloride, and 1, 1,2-trichloroethane in mice using SSP 

retention and elevated serum glutam%c-pyruvic transaminase (SQPT) 

as indications of liver damage. In their study, the chlorinated 

hydrocarbons were administered by intraperitoneal injection. They 

found that the elevation of SGPT wa8 a more sensitive indicator 
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of the  hepa t i c  damage induced by these  compounds than  was BSP 

r e t e n t i o n .  

Since some of these  compounds cause severe wr i th ing  and 

even massive p e r i t o n i t i s  fo l lowing i n t r a p e r i t o n e a l  i n j e c t i o n ,  i t  

i s  conceivable t h a t  the  l o c a l  i r r i t a t i o n  may a l t e r  o r  even negate  

t h e  v a l i d i t y  of  the  r e s u l t s .  Aside from t h i s  poss ib le  p i t f a l l ,  

exposure by vapor i n h a l a t i o n  seemed more appropr ia t e  because human 

beings a r e  more l i k e l y  t o  r ece ive  these  m a t e r i a l s  by t h i s  r o u t e .  

Therefore,  t h e  primary purpose of t h e  p resen t  i n v e s t i g a t i o n  was t o  

o b t a i n  similar d a t a  from mice exposed t o  t h e  vapors of t h e s e  same 

ccmpounds and compare i t  t o  the  d a t a  obtained us ing  i n t r a p e r i t o n e a l  

i n j e c t i o n .  A secondary purpose was t o  explore  the  f e a s i b i l i t y  of 

u s i n g  t h i s  methodology t o  quan t i fy  the  hepato toxic  potency of new 

hepato toxic  agen t s  thereby pe rmi t t ing  comparison of one m a t e r i a l  

w i t h  another .  

I n  o r a e r  t o  compare t h e  r e s u l t s  obtained from t h i s  study 

wi th  those obtained by Klaassen and Plaa (1966),  the  experiments 

were repeated i n  which carbon t e t r a c h l o r i d e ,  t e t r a c h l o r o e t h y l e n e ,  

and l , l , l - t r i c h l o r o e t h a n e  were adminis tered by i n t r a p e r i t o n e a l  

i n j e c t i o n .  

METHODS : 

Female Swiss-Webster white mice weighing 20-35 g were used 

7 t o  21 days a f t e r  a r r i v a l  i n  the  labora tory .  
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The chlor ina ted  hydrocarbons employed were: l , l , l - t r i -  

chloroethane,  chloroform, dichloromethane, t r i ch lo roe thy lene ,  

t e t r a c h l o r o e t h j l e n e ,  carbon t e t r a c h l o r i d e  and 1 , 1 , 2 - t r i c h l o r o -  

e thane .  A l l  were cen te r -cu t  f r a c t i o n s  conta in ing  l e s s  than 0.55 

i m p u r i t i e s .  

Vapor i n h a l a t i o n  s t u d i e s  were done us ing  t h e  equipment 

descr ibed  by I r i s h  and Adams (1940) and Rowe --  e t  a l .  (1952).  The 

exposure chamber was a 160 l i t e r  cub ica l  (20 x 20 x 20 inches)  

made wi th  a Monela frame. The s i d e s  n f  t h e  chamber, inc lud ing  the  

door ,  a r e  glass. The door which makes up one s i d e  of the  chamber 

i s  sea led  wi th  a s i l i c o n e @  rubber  gasket ;  i t  is  f i t t e d  with quick 

opening l a t c h e s .  

The d e s i r e d  vapor concent ra t ion  was a t t a i n e d  by meter ing 

t h e  l i q u i d  ch lo r ina ted  hydrocarbon a t  a cons tant  r a t e  i n t o  a tube ,  

h e a t  being appl ied  a t  t h e  po in t  of vapor ida t ion  as needed t o  a f f e c t  

complete v o l a t i l i z a t i o n .  A l l  a i r  e n t e r i n g  t h e  chamber passes  

through t h i s  tube and e n t e r s  t h e  chamber through a manifold loca ted  

a t  the  f r o n t  of t h e  t o p  of t h e  chamber. The chamber is  exhausted 

through a similar manifold loca ted  a t  the  bottom of t h e  r e a r  of 

t h e  chamber. A cons tant  a i r  flow was maintained dur ing  each ex- 

pcsure,  t h e  lowest r a t e  being about 17 l i t e r s  per  minute and t h e  

h i g h e s t  being about 30 l i t e r s  per  minute. The chamber is a l s o  

equipped wi th  a quick-opening valve and i n l e t  pipe of a rap id  
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exhaust  system which al lows t h e  var;o13 exposure t o  be terminated 

wi th in  one minute. 

The t o p  of t h e  chamber has  two rubber stoppered tubes ,  3.5 

inches i n  diameter .  One of t h e  rubber  stoppered tubes  i s  used t o  

quickly  put  anlmals i n t o  o r  t o  withdraw animals from t h e  chamber. 

This  method of in t roduc ing  and withdrawing animals from the  chamber 

hqs been shown t o  cause very l i t t l e  change i n  t h e  concent ra t ion  of 

v&por i n  t h e  chamber. The o t h e r  tube has a rubber  s topper  w i t h  

two h o l e s  t h a t  a r e  f i t t e d  with Si l icone@ tubing.  These Si l icone@ 

tubes  permit a i r  t o  be cont inuously c i r c u l a t e d  through the  c e l l  

of  an in faa red  spectrophotorneter thus  mainta in ing  a closed system 

but stj.11 al lowing s continuous a n a l y s i s  of t h e  vapor concentra-  

t i o n  i n  t h e  chamber. The path l eng th  of c e l l s  f o r  t h e  i n f r a r e d  

spectrophotometer was 1 cm, 2 crn, o r  10 cm depending on the  vapor 

being analyzed. 

If t h e r e  was more than  a 7% change i n  the d e s i r e d  vapor 

concent ra t ion  dur ing  an exposure, the  d a t a  were no t  used and the  

exposure was repeated .  Mice exposed t o  ch lo r ina ted  hydrocarbon 

vapor f o r  l e s s  than  two hours were put i n t o  the  chamber through 

t h e  tube i n  t h e  t o p  of t h e  chamber. This  procedure caused l e s s  

than  a 7% r educ t ion  i n  t h e  des i red  concent ra t ion .  However, i n  

experiments r e q u i r i n g  an exposure d u r a t i o n  g r e a t e r  than two hours ,  

the mice were placed i n  the  chamber us ing  the  door .  This  l a t t e r  

procedure caused l e s s  than a 30s reduct ion  i n  vapor concent ra t ion .  
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The des i red  vapor concent ra t ion  was re -es tab l i shed  i n  l e s s  than 

10 minutes. 

Some experiments wi th  carbon t e t r a c h l o r i d e  requi red  exposure 

dura t ions  as s h o r t  a s  t h r e e  seconds. This  was accomplished by 

p l a c i n g  t h e  mice i n t o  a wire c y l i n d r i c a l  cage which could be i n t r o -  

duced and withdrawn from the  chamber through the  tube.  

The dose of ch lo r ina ted  hydrocarbon received by an animal 

dur ing  t h e  course of an exposure i s  a func t ion  of vapor concen- 

t r a t i o n ,  d u r a t i o n ,  r e s p i r a t o r y  r a t e  and t i d a l  volume, as wel l  as 

o t h e r  parameters which inf luence  t h e  passage of vapor from t h e  

a l v e o l a r  a i r  through t h e  a l v e o l a r  membrane i n t o  the  blood. I n  

tQe experiments descr ibed  he re in ,  a t t e n t i o n  was given t o  only t h e  

vapor concen t ra t ion  and exposure dura t ion .  The vapor concent ra t ion  

was maintained cons tant  and the  exposure d u r a t i o n  was va r i ed .  This 

methodology w a s  chosen because of convenience. Varying the  con- 

c e n t r a t i o n  would r e q u i ~ e  more time ' to  ad j u s t  and s t andard ize  the  

equipment t o  d e l i v e r  the  d e s i r e d  concent ra t ion .  

I n  these  experiments,  a vapor concent ra t ion  of each compound 

was used which would, based on previous s t u d i e s ,  be expected t o  

k i l l  50$ of the animals between 9 and 12 hours of continuous ex- 

post-ye. 

When l , l , l - t r i c h l o r o e t h a n e ,  carbon t e t r a c h l o r i d e  and t e t r a -  

chloroethylene were administered by i n t r a p e r i t o n e a l  i n j e c t i o n ,  
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they were made up i n  i t r n  0;; t o  d e l i v e r  the  d e s i r e d  dose i n  a 

f i n a l  volume of 0.01 ml/gm. 

L e t h a l i t y  : 

During the  course of an exposure, t h e  mice were repeatedly  

observed through t h e  g l a s s  walled exposure chamber. The number 

of  dead mice and t h e  exposure d u r a t i o n  were recorded.  The time 

a f t e r  the  i n i t i a t i o n  of an exposure when r e s p i r a t o r y  movements 

ceased was considered the  time of dea th  f o r  each m o u e .  The per -  

cen t  of dead mice a s  a f u n c t i o n  of time was determined from which 

t h e  median l e t h a l  time ( L T ~ ~ )  was ca lcu la ted .  I n  those exper i -  

ments i n  which agents  were given by i n t r a p e r i t o n e a l  i n j e c t i o n ,  

t h e  number of dea ths  were recorded a t  t h e  2nd of 24 huurs.  

Anesthesia:  

The d u r a t i o n  of time between the  i n i t i a t i o n  of an  exposure 

and onse t  of a n e s t h e s i a  was a l s o  recorded f o r  each mouse. Onset 

of a n e s t h e s i a  was considered t o  be t h e  time a t  whj.ch the  mouse 

became immobilized. With the  except ion  of dichloromethane, t h e  

time requ i red  f o r  immobilization of each mouse occurred wi th in  

narrow temporal l i m i t s  and only in f requen t ly  would a mouse aga in  

become mobile. With dichloromethane, t h e  induct ion  of a n e s t h e s i a  

was slow making i t  d i f f i c u l t  t o  a s s e s s  the  time a t  which immobiliza- 

t i o n  occurred. Therefore,  the  bottoms of t h e  cages i n  which t h e  

mice were kept  were marked o f f  i n  four- inch squares .  I n  o rde r  f o r  
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a mouse t o  be judged immobl I - , the  mouse had t o  remain within t h e  

same square f o r  t h e  remainder of t h e  experiment. 

Hepatic Damage: 

Twenty-four hours a f t e r  t h e  beginning of an exposure o r  

t h e  i n j e c t i o n  of an agent ,  a 0.5 t o  1.0 m l  blood sample was ob- 

t a i n e d  from each mouse by ca rd iac  puncture uving a syr inge  that  

had been r insed  w i t h  a  s o l u t i o n  of sodium heparin (10,000 uni t s /ml) .  

Far  t h i s  procedure,  t h e  mice were anes the t i zed  with methoxyflurane. 

The SGPT was determined us ing  t h e  method of Reitman and Frankel  

(1957) a s  s p e c i f i e d  i n  t h e  Sigma Technical  B u l l e t i n  505, (1964). 

The mean and s tandard  d e v i a t i o n  f o r  t h e  SGPT of 254 a i r -  

exposed c o n t r o l  mice was 26.7 + - 13.6 Reitman-Frankel u n i t s ;  there- 

f o r e ,  a value f o r  t h e  SOFT g r e a t e r  than 54 Reitman-Frankel u n i t s  

was considered t h e  upper l i m i t  of t h e  normal range. The 254 c o n t r o l  

mice a r e  a composite of groups of c o n t r o l  mice that were air-exposed 

cohcur ren t ly  wi th  each group of mice exposed t o  t h e  vapor of a 

c h l o r i n a t e d  hydrocarbon. The percent  of mice having s s i g n i f i c a n t  

e l e v a t i o n  of SQPT a s  a  func t ion  of exposum dura t ion  was d e t e r -  

mined and compared with s i m i l a r  d a t a  f o r  a n e s t h e s i a  and l e t h a l i t y .  

I n  a  e i m i l a r  manner, quanta1 dose-response d a t a  were ob- 

t a i n e d  f o r  mice given l,l, 1- t r i ch lo roe thane ,  carbon t e t r a c h l o r i d e ,  

and t e t r ach lo roe thy lene  by i n t r a p e r i t o n e a l  i n j e c t i o n .  I n  50 mice 

t r s a t e d  with corn o i l ,  t h e  mean SGPT a c t i v i t y  was 24.4 +_ (SD) 14.7 
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Reitman-Frankel u n i t s .  Therefore ,  i n  t h e s e  experiments,  SGPT 

values  g r e a t e r  than 54 Reitman-Frankel u n i t s  were considered 

abnormal and i n d i c a t i v e  of a  s i g n i f i c a n t  change. 

S t a t i s t i c s  - : 
A l l  s t a t i s t i c a l  ana lyses  were done according t o  the method 

of Li tchf  ield and Wilcoxon (1949). 

RESULTS 

I n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  of l,l, 1 - t r i c h l o r o e t h a n e ,  

c ~ . r b o n  t e t r a c h l o r i d e ,  and t e t r a c h l o r o e t h y l e n e .  Before undertak-  

i n g  vapor i n h a l a t i o n  experiments,  quanta1  dose-response d a t a  f o r  

t h e  l e t h a l i t y  and h e p a t o t o x i c i t y  of l,l, 1 - t r i c h l o r o e t h a n e ,  carbon 

t e t r a c h 1 0 r i d . e ~  and t e t  rachloroe thylene  fo l lowing i n t r a p e r i t o n e a l  

i n j e c t i o n  were obtained.  The doses of each of t h e s e  agen t s  r e -  

nu i red  t o  cause dea th  and a s i g n i f i c a n t  SGPT e l e v a t i o n  i n  50s of 

t h e  t r e a t e d  animals  wi th in  24 hours a r e  shown i n  Table 1. Klaassen 

a r d  Plaa (1966) i n d i c a t e  t h a t  t h e  dea ths  occurr ing  wi th in  24 hours  

a f t e r  t h e  i n t r a p e r i t o n e a l  i n j e c t i o n  of t h e s e  agents  a r e  n a r c o t i c  

dea ths .  Assuming t h i s  hypothes is  t o  be c o r r e c t ,  t h e  dose requi red  

t o  cause d e a t h  i n  50$ of t h e  mice d iv ided  by t h e  dose requi red  

t o  cause an abnormal e l e v a t i o n  of t h e  SQPT i n  50$ of t h e  mice 

( L D ~ ~ / ~ % ~ )  g ives  a potency r a t i o  which is  i n d i c a t i v e  of an a g e n t ' s  

cupac i ty  t o  cause h e p a t i c  damage r e l a t i v e  t o  i t s  a b i l i t y  t o  cause 

anes thes ia .  Table 2 d e p i c t s  t!?e r e s u l t s  obtained by Klaassen and 
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Plaa (1966) for these compounds, as well as for the other com- 

pounds reported in this study. The similarity of the results 

presentkd in Tables 1 and 2 assures that, aside from the method 

of administering the agents to the mice, the methodology used in 

the vapor inhalation experiments should provide cornpb;sble results. 

It should be noted that in our studies the dose-response curve 

for liver dysfunction ascertained by SGPT activity and the curve 

for lethality of carbon tetrachloride when given by intraper- 

itoneal injection were not parallel. 

Carbon Tetrachloride by Vapor Inhalation: A vapor concen- - 
tration of 8,500 ppm carbon tetrachlbride killed 50% of the mice 

after 690 minutes of continuous exposure. Therefore, quanta1 

dose-response data for SOPT activity, anesthesia and lethality . 

were obtained as a function of time at this concentration. These 

da%a are shown in Figure 1 as the percent response (expressed as 

probability) as a function of the logarithm of the exposure dura- 

tion. Although a single line can be drawn to represent significant 

increases in SGPT and anesthesia, the lethality 18 Detter repre- 

sented by two straight lines. This suggests that the mechanism 

responsible for causing the death of mice exposed continuously 

for 300 to 600 minutes is different than when exposures are longer. 

The LT and the ET values for anesthesia and increased SGPT 50 50 
activity are given in Table 3. 
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Chloroform by Vapor Inha la t ion :  Chloroform a t  a vapor con- 

c e n t r a t i o n  of 4,500 ppm k i l l e d  50$ of t h e  mice i n  560 minutes of 

continuous exposure. Using t h i s  concent ra t ion ,  t h e  q u a n t a l  dose- 

response data shown i n  Figure 2 were obtained.  The ET501s f o r  

anes thes ia  and SGPT e l e v a t i o n ,  t o g e t h e r  with t h e  LT a r e  presented  50 
i n  Table 3. The l i n e  of b e s t  f i t  f o r  an abnormal SGPT e l e v a t i o n  is 

n o t  p a r a l l e l  with t h e  l i n e s  of best f i t  f o r  a n e s t h e s i a  and l e t h a l i t y  

(Figure 2) .  Therefore ,  a potency r a t i o  with s t a t i s t i c a l  s i g n i f i -  

cance cannot be c a l c u l a t e d .  The d a t a  i n  F igure  2 show chloroform 

t o  be a po ten t  hepatotoxin which causes hepa t i c  damage a t  exposure 

d u r a t i o n s  s m s l l e r  than those  needed t o  induce a n e s t h e s i a .  

1,1,2-Trichloroethane by Vapor Inha la t ion :  A vapor con- 

c e n t r a t i o n  of 3,750 ppm was used i n  t h i s  s tudy.  The quan ta l  dose- 

response data a r e  dep ic ted  i n  Figure 3 and the ET values  for 50 
SGPT e l e v a t i o n  and anes thes ia  and LT va lue ,  t o g e t h e r  with t h e  50 
potency r a t i o s ,  a r e  given i n  Table 3. A t  t h i s  vapor concentra-  

t i o n ,  t h e  t ime requi red  t o  cause a s i g n i f i c a n t  SGPT e l e v a t i o n  

e s s e n t i a l l y  coincided with t h e  time requi red  t o  cause anes thes ia .  

Thus, 1 ,1 ,2- t r ich loroe thane ,  a l though a l e s s  s p e c i f i c  hepatotoxin 

than  e i t h e r  carbon t e t r a c h l o r i d e  o r  chlorofnrm, must s t i l l  be 

considered a potent  hepatotoxin.  

Te t  rachloroethylene by Vapor Inha la t ion  : A vapor concen- 

t r a t i o n  of 3,700 ppm was used i n  experimenCe with t e t r a c h l o r o -  

e thylene .  The r e s u l t s  a r e  presented i n  Figure 4 and Table 3 .  The 
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d a t a  i n d i c a t e  t h a t  t h e  d u r a t i o n  of exposure needed t o  cause a 

s i g n i f i c a n t  e l e v a t i o n  of SGPT is  considerably l a r g e r  than  t h a t  

needed t o  produce a n e s t h e s i a .  Indeed, dura t ions  of exposure long 

enough t o  k i l l  some of the  mice were requi red  t o  cause SGPT e leva-  

t i o n  i n  a s i g n i f i c a n t  number of t h e  su rv ivors .  

Since a s e l e c t e d  populat ion of mice, the  su rv ivors ,  were 

used f o r  SGPT de terminat ions ,  the  s t a t i s t i c a l  d a t a  concerning t h i s  

parameter a r e  no t  s t r i c t l y  c o r r e c t .  However, the f r a c t i o n  of 

su rv iv ing  mice having an e leva ted  SGPT when conpared wi th  t h e  

f r a c t i o n  of mice t h a t  d ied  remains i n d i c a t i v e  of an agent  I s  capac- 

i t y  f o r  causing l i v e r  damage. 

Tr ichloroe thylene  by Vapor I n h a l a t i o n :  The experiments on 

t r i c h l o r o e t h y l e n e  were c a r r i e d  out  us ing  a vapor concent ra t ion  of 

5,500 ppm. The r e s u l t s  a r e  given i n  Figure 5 and Table 3. The 

s i m i l a r i t y  i n  t h e  d a t a  obtained f o r  t h i s  compound and t e t r a c h l o r o -  

e thy lene  negates  any f u r t h e r  need f o r  i n t e r p r e t a t i o n  of  the  r e s u l t s .  

Both m a t e r i a l s  have a similar hepato toxic  s p e c i f i c i t y .  

Dichloromethane -- by Vapor I n h a l a t i o n :  A t  a vapor concentra-  

t i o n  of 13,500 pprri, the  quanta l  dose-response d a t a  f o r  a n e s t h e s i a ,  

l e t h a l i t y  and SGPT e l e v a t i o n  a r e  presented i n  Figure 6 and Table 3. 

The quanta l  dose-response d a t a  f o r  t h e  f r a c t i o n s  of su rv iv ing  mice 

having an  e leva ted  SGPT a r e  e s s e n t i a l l y  the  same as those f o r  t h e  

dea th ,  i n d i c a t i n g  t h a t  t h i s  compound is  a l e s s  potent  hepatotoxin 

thz.n e i t h e r  t r i ch lo roe thy lene  o r  t e t r ach lo roe thy lene .  
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l , l , l - T r i c h l o r o e t h a n e  by Vapor ----- I n h a l a t i o n :  I n  t h i s  s tudy 

t h e  vapor concent ra t ion  02 I , l , l - t r l c h l o r o e t h a n e  was t h e  same as 

t h a t  used i n  the  experiments with dichloromethane, 13,500 ppm. 

The d a t a  a r e  presented i n  Figure 7 and Table 3 .  This compound, 

l i k e  dichloromethane, apparent ly  has very l i t t l e  capac i ty  t o  cause 

h e p a t i c  damage. A t  t he  same exposure dura t ion ,  i t  was found t h a t  

t h e  percent  of su rv iv ing  mice having a s i g n i f i c a n t  SGPT e l e v a t i o n  

w a s  equal  t o  o r  smal l e r  than  t h e  percent  of dea ths .  Since the  

su rv iv ing  mice may represen t  a l e s s  s u s c e p t i b l e  popula t ion  i t  can 

only be concluded t h a t  exposure d u r a t i o n s  equal  t o  o r  g r e a t e r  than  

those  necessary t o  cause dea th  a r e  needed t o  induce a  s i g n i f i c a n t  

SOPT e l e v a t i o n .  Thus, the  ET50 f o r  SGPT e l e v a t i o n  a s  wel l  as t h e  

potency r a t i o s  i n  Table 3 were ca lcu la ted  from the  d a t a  f o r  l e t h a l -  

i t y  and r e p r e s e n t  l i m i t s .  

DISCUSSION 

I n  o rde r  t o  compare t h e  t o x i c i t y  of ch lo r ina ted  hydrocarbons, 

they could be ranked according t o  the  abso lu te  dose requi red  t o  

produce a given e f f e c t  such as a e a t h ,  a n e s t h e s i a ,  SGPT e l e v a t i o n .  

A more meaningful approach i s  t o  r e l a t e  the  capaci ty  of an agent  

t o  cause damage t o  a p a r t i c u l a r  organ and i t s  capaci ty  t o  pro- 

duce o t h e r  b i o l o g i c a l  e f f e c t s .  These r e l a t i o n s h i p s  can then be 

used t o  rank the  agent  r e l a t i v e  t o  o t h e r  agen t s  possessing t h e  

seme a c t i v i t i e s .  By comparing the  r a t i o s  of the  doses of ch lor -  

ina ted  hydrocarbons required t o  cause an e l e v a t i o n  of' SGPT and 
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and dea th  i n  50% of the  t r e a t e d  mice, L D ~ ~ / E D ~ ~ ,  Klaassen and 

Plaa  (1966) were a b l e  t o  rank the  fol lowing m a t e r i a l s  i n  the  o rde r  

of t h e i r  decreas ing  capaci ty  t o  cause l i v e r  dysfunct ion:  carbon 

t e t r a c h l o r i d e ;  chloroform; 1 , i , 2 - t r i ch lo roe thane ;  t e t r a c h l o r o -  

e thylene;  t r i c h l o r o e t h y l e n e ;  dichloromethane; and l , l , l - t r i c h l o r o -  

e thane .  I n  t h e i r  s tudy,  i n t e r p r e t a t i o n  is  clouded because the  

agen t s  were adminis tered by i n t r a p e r i t o n e a l  i n j e c t i o n  which does 

n o t  r e p r e s e n t  a common means of exposure. Therefore,  i t  seemed 

d e s i r a b l e  t o  r epea t  t h e i r  experiments adminis te r ing  t h e  compounds 

by vapor i n h a l a t i o n  r a t h e r  than  by i n j e c t i o n .  Comparing the  r e s u l t s  

r epor ted  he re in ,  Table 3, w i t h  those repor ted  by Klaassen and Plaa 

(1966),  Table 2, it i s  c l e a r  the  rank Is m a i n t a i ~ e d  i n  s p i t e  of 

cons iderable  q u a n t i t a t i v e  d i f f e r e n c e s .  

Aside from t h e  confirmation of the  r e s u l t s  presented by 

Klaassen and Plaa  (1966), t h i s  study i l l u s t r a t e s  some advantages 

i n  u s i n g  vapor i n h a l a t i o n  ins tead  of i n t r a p e r i t o n e a l  i n J e c t i o n  

f o r  a s s e s s i n g  t h e  phys io logica l  potency of these  agen t s ,  Not only 

i s  i t  poss ib le  t o  ob ta in  a  comparison of the  capaci ty  of an  agent  

t o  cau;e l i v e r  dysfunct ion  r e l a t i v e  t o  i t s  capaci ty  t o  cause 

dea th ,  but a l s o  t o  i t s  capaci ty  f o r  inducing a n e s t h e s i a .  Thus, 

i t  is poss ib le  t o  eva lua te  t h e  l ike l ihood  t h a t  an ind iv idua l  

a c u t e l y  exposed t o  t h e  vapor of any one of these  agents  has  ex- 

perienced l i v e r  damage by knowing of the  degree of n a r c o s i s  ex- 

perienced. I n  d e f i n i n g  a s a f e  environmental concent ra t ion  of  a 

ch lo r ina ted  hydrocarbon, l i t t l e  a t t e n t i o n  t o  i t s  e f f e c t  on the  

l i v e r  i s  warranted i f  i t  r e q u i r e s  a near  l e t h a l  dose t o  cause 

K-002516-017/Page 15 of 32 DOW CONFIDENTIAL - Do not share without permission 

 



s i g n i f i c a n t  l i v e r  dysfunct ion.  Examples of m a t e r i a l s  of t h i s  

t y p e  a r e  t e t r ach lo roe thy lene ,  t r i c h l o r o e t h y l e n e ,  dichloromethane, 

and l , l , l - t r i c h l o r o e t h a n e .  Time could be b e t t e r  spen t  by d e t e c t i n g  

and p r o t e c t i n g  a g a i n s t  o the r  adverse e f f e c t s .  With a compound 

such as 1 ,1 ,2 - t r i ch lo roe thane ,  i t  i s  necessary t o  cons ider  both 

its hepato toxic  a c t i v i t y  and n a r c o t i c  a c t i v i t y  i n  determining a 

s a f e  environmental  vapor concent ra t ion .  On t h e  o t h e r  hand, ch loro-  

form and p a r t i c u l a r l y  carbon t e t r a c h l o r i d e  r ep resen t  compounds 

whose s p e c i f i c i t y  f o r  causing l i v e r  damage n e c e s s i t a t e s  primary 

cons ide ra t ion  i n  determining a s a f e  environmental vapor concentra- 

t i o n .  I n  t h i s  l i g h t ,  i t  would be u s e f u l  i f  o t h e r  d e t e c t a b l e  sigrgs 

of b i o l o g i c a l  a c t i v i t y ,  harmful and unharmful, were a v a i l a b l e  t o  

compare wi th  t h e  t h r e e  used i n  t h i s  s tudy.  

A t e c h n i c a l  advantage af forded by u s i n g  vapor i n h a l a t i o n  t o  

expose mice t o  these  and o t h e r  agen t s  i s  t h a t  a s i n g l e  group of 

mice can be used t o  o b t a i n  quanta1 dose-response data f o r  both 

a n e s t h e s i a  and l e t h a l i t y .  This  is  poss ib le  because the  independent 

v ~ r i a b l e  is  t ime.  The dependent v a r i a b l e ,  unconsciousness and 

dea th ,  can be obtained by observat ion .  Thus, l e s s  time i s  needed 

t o  o b t a i n  t h e  quah ta l  dose-response d a t a  f o r  these  parameters 

and fewer animals a r e  requi red .  

SUMMARY 

Hepatic damage was determined i n  mice by serum glutamic- 

pyruvic transaminase (SGPT) a c t i v i t y  24 hours fol lowing s i n g l e  
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exposures to the vapor concentrations of carbon tetrachloride, 

chloroform, 1,1,2-trichloroethane, tetrachloroethylene, trichloro- 

ethylene, dichloromethane, and 1, 1,l-trichloroethane expected to 

kill 50$ of the animals in 9 to 12 hours of continuous exposure. 

Mainkaining a constant vapor concentration, the fractions of mice 

having a significant elevation of SGPT was expressed as a function 

of exposure duration and compared to similar expressions for the 

or,set of anesthesia and lethality. A median effective exposure 

duration for an increase in SGPT activity was calculated and ex- 

pressed as a ratio of the median effective exposure durations 

for lethality and anesthesia. The ratios obtained for each agent 

were then ranked and used to illustrate the capacity of each com- 

pound for inducing liver damage relative to anesthesia and lethality. 

Carbon tetrachloride and chloroform were found to be potent hepa- 

totoxins inducing liver damage prior to the onset of anesthesia. 

1,1,2-Trichloroethane is a moderate hepatotoxin that requires 

exposure durations long enough to induce anesthesia before caus- 

ing hepatic damage. The remaining compounds studied requtred 

exposure durations approaching those or longer than those neces- 

ssry to cause death before hepatic damage could be ascertained 

by a significant SGPT elevation. Since the data presented herein 

were obtained following single exposures to the vapors of the 

various compounds, they are not necessarily indicative of the 

hepatic damage that may be induced by repeated low level expos- 

ures. 
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LEGENDS FOR FIGURES - 

Figure 1 : Carbon Tetrachloride Vapor, 8,500 ppm. Percent (ex- 

pressed as probability) of mice anesthetized 0- - 4, 

dead *-• , or having a significant SGPT elevation 

A- - A , as a function of the loglO duration of 

exposure. Each point for anesthesia and lethality 

was obtained using a single group of 30 mice; the 

number in each group used to obtain the points for 

SGPT activity is given In parenthesis. 

Fiwre 2: Chloroform Vapor, 4,500 ppm. Percent (expressed as 

probability) of mice anesthetized 0- - 4 , 
dead *-• , or having a significant SGPT elevation 

- ,  as a function of the loglO duration of 
exposure. Each point for anesthesia was obtained 

using a single group of 10 mice while each point for 

lethality was obtained using a single group of 20 

mice; group size used for determining SGPT activity 

is indicated in parenthesis. 

Figure 3: 1,1,2-Trichloroethane Vapor, 3,750 ppm. Percent (ex- 

pressed as probability) of mice anesthetized n - - -q ,  
dead *-• , or having a significant SGPT elevation 
& - 4, as a function of the loglO duration of 

exposure. A single group of 20 mice was used to 

obtain each experimental point for anesthesia and 
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l e t h a l i t y .  The number of mice i n  each group used f o r  

determining SGPT a c t i v i t y  i s  ind ica ted  i n  pa ren thes i s .  

F igure  4 : Tetrachloroe  thylene Vapor, 3,700 ppm. Percent  (ex- 

pressed as p r o b a b i l i t y )  of mice anes the t i zed  & - --0, 

dead --*, o r  having a s i g n i f i c a n t  SGPT e l e v a t i o n  

b-4, as a func t ion  of t h e  loglO d u r a t i o n  of  

exposure.  A s i n g l e  group of e i g h t  mice was used t o  

determine t h e  a n e s t h e t i c  response; l e t h a l i t y  was 

determined us ing  group s i z e s  varying from 20 t o  94 

mice. The number of mice pe r  group used t o  determine 

SGPT a c t i v i t y  i s  ind ica ted  in p a r e n t h e s i s .  

Figure 5: Tr ichloroe thylene  Vapor, 5,500 ppm. Percent  (ex- 

pressed as p r o b a b i l i t y )  of mice anes the t i zed  U- - 4, 

dead *-• , o r  having a s i g n i f i c a n t  SGPT e l e v a t i o n  

& - - - A 9  as a f 'unction of the  loglO d u r a t i o n  of  

exposure.  A s i n g l e  group of 19 mice was used t o  o b t a i n  

each p o i n t  f o r  l e t h a l i t y ;  a s i n g l e  group of 20 mice 

was used t o  o b t a i n  each po in t  f o r  a n e s t h e s i a .  The 

number of mice p e r  group used t o  determine SQPT a c t i v -  

i t y  i s  i n d i c a t e d  i n  p a r e n t h e s i s .  

Figure 6: Dichloromethane Vapor, 13,500 ppm. Percent  (expressed 

as p r o b a b i l i t y )  of mice anes the t i zed  -04, dead 

. , o r  having a s i g n i f i c a n t  SQPT e l e v a t i o n  & - - - A 9  
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as a function of the loglo duration of exposure. Each 

point for anesthesia was determined using a single 

group of 20 mice; lethality was determined using a 

single group of 40 mice. For SQPT activity, individ- 

ual group size Is indicated in parenthesis. 

Figure 7: l,l, 1-Trichloroethane Vapor, 13,500 ppm. Percent (ex- 

pressed as probability) of mice anesthetized a- - 4, 

dead *-* , or having a significant SGPT elevation &- - 4, 

as a function of the loglO duration of exposure. Each 

experimental point for ane~thesia and lethality was 

calculated using composite groups of 20 to 135 mice. 

Individual group sizes used to obtain SQPT activity 

are indicated in parenthesis. 
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s-1 UP VALUES AND E q o  VAL= FOR THE ELEVATION OF SERUM 

QLmAMIC -PYRUVIC TRANSAMINASE (SOPT ) ACTIVITY FOR MICE 
FOI&~#INQ INTRAPERITONEAL INJECTION OF CHLORINATED HYDROCARBONS 

Compound 

I Chlorof om 
l , l , l -Tr ich lo~ 'O  

ethane 
Mchloromethane 
1,1,2-Trichloro- 

e thane 
Trichloroethylene 
Tetrachloroethylene 

Carbon Tet rachlor ide  

24 Hour 
350, m m o l e h  

14 (12-15)~ 

37 (31-44) 

SGPT ~ c t i v i t ~ ~  . SGPT Act iv i tyc  
m mole/ka Potency Ratio 

2.3 (1.9-2.8) 6.4 (3.8-10.9) 

25 (20-31) 1.5 (1.2-2.0) 

a Klaassen and Plaa (1966). 

SGPT a c t i v i t y  was determined 24 hours a f te r  t reatment .  

The "potency r a t i o "  is t h e  r a t i o  of t h e  LD t o  t h e  ED50. 50 

The 95% confidence l i m i t s  are i n  parentheses.  

No inc rease  i n  SGPT a c t i v i t y .  

Does not  d i f f e r  s i g n i f i c a n t l y  from 1.0. 
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OURATION OF EXPOSURE, MINUTES 
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